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BIS. VATWjCtMlfSiB OF EABIATIOI 3OTHXES AK33 REPAIR 

. PROCESSES XII RAT EK3BT03 AFTER *E8E IHRÄDIM'XÖN OF 

■THE FEMAI^S OK SJiS lOEff DAY OF PKSCMANCY 

•by'Ye.Ä»  Tal ^shtrem 

[Following is the translation of a paper 

by Ye »A.  Tal^shtrom entitled  autogene z 

luchevykh poYreahdenly I reparatlvnye 

• protseessy v aarodyslmKh kxys posle 

oblucii^niya samok rentgenoyyml luehsmi na 

10~y den BereiaennostI1'  (English version. 

above)  in Arkhiv Ärtatomli, ■Olstologil 1 

Sabrlologli (ArcMves of Anatomy.» Histology 

and Embryology)^ Yol>  38,? N'o»  3*19^0> 

Leningrad.,,  pages 72»»791 

A number- of papers 0x1 the action of Ionizing 

radiations, on embryonic development of maiamals  (I*. Russell 

\l950-f If- Ruaaell arid ¥. Russell 1952 and 195^* E.  8. 

t Lomov&kaya and Ye.I. Vorob?eva. 1957* Tu.M.  Olenov and 



A.D. Pushnitsyna 1952, P.G. Svetlov and O.P. Korsakova 

1954, and others). It has been established that radio- 

sensitivlty of embryos at the end of embryogenesis 

decreases, the character of anomalies caused by irradia- 

tion changes also, but in embryogenesis there are particular 

critical developmental periods, in which under the 

influence of radiation anomalies of separation conceptions 

appear and others. In studying the effect of different 

dosages of X-rays on mammalian embryogenesis, the radia- 

tion is usually made in different pregnancy periods,  and 

the results are considered at the end of pregnancy. But 

another experimental set-up could facilitate the under- 

standing of the injury mechanism appearing with irradia- 

tion, and namely?  irradiation in any one definite develop- 

mental stage Kith the consideration of results in 

different periods after the influence. Thus, it would be 

possible to trace the formation and development of the 

anomalies which occur- 3?his kind of study was made in this 

paper. 

Study method. 

According to the unpublished data in the Embryology 



Laboratory of P.a. Svetlov and O.F. Korsakova, on the 

tenth day of pregnancy the establishment of embryonic 

rudiments occurs in rats and in this critical period in 

the pregnant rats the irradiation with a dosage of 100 to 

250 r invariably causes damage of local character, in the 

form of anomalous development of different organs, mainly 

different areas of the head (encep.hali'a, raicrocephalia, 

anophthalmia,. Meropfcthalmia, cleft palate'^4 others), 

and also of general character (adeiraa, hematimuis, small 

body sizes and so on). Therefore in our experiments we 

applied a single total-body irradiation of the female 

rats precisely on the tenth day of pregnancy. The  10th 

day of rat embryogenesis is also the beginning of the 

critical period for placental development (P.S. Svetlov 

and G.F. Korsaicova 1954) «■ 

In this developmental period the placenta! rudi- 

ments are especially easily damaged, for example by 

overheating and introduction of narcotics, and in addi- 

tion to this, the formation of anomalies of fetuses 

development is the consequence of pathological changes 

in the developing placenta (E.tK Svetlov and 0.F.Korsakova 
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1954} i therefore our attention WHO. also 'turned to the 

placental development. 

3?wo aeries of experiment8 -were made with, irradia- 

tion of aniiiai® at -dosages of 130 and 240 r. ■ These 

doa&ges were aeleeted as average in intensity* and as the 

ones best studied with respect to the final result of the 

ionising, radiation effect. Irradiation was made with the. 

equipment RUM-3 with focal distance 40 can, voltage ISO kv> 

current 15 ma'., filters -■ 0.5 m* copper and 1.0 ram Alf 

rate 30r/mlnute •• Segifäiration öf dsma-ge was made daily 

with .the beginning of 11th up to I'fth developmental day 

inclusive, fte rats were" cuj? open under eijfesr.'narcosis1, 

and studies, of the embryos and placentas were made during 

life and later they were fixed. by.Bovin's and Oarnoy<s 

'fluids', were embedded. in parafin and histologies studies of 

embryos' were made on the stained sections» We -studied 

lj,'l4'3"'^ssbryos> 607 of theia were experimental "and 536 

control, 

As is known> in the rat embryo on 10th day. of 

development the anterior end is bulged* the rudiment of 

the nervous .system has the form of wide medullary plate 

with a groove in the middle] the body is not yet segmented 
i III«M.IL»I.H.»«II»»II»IHWII»IIIMJ1I *—'ii ■»■» «ii  i »MI in I ■»■m ■■ i  i l»i—ui»m  i.mwmi     _I.II . i      IJ .mill      imT'luJiri   "iir  11 -|'i n Ttinii if~i       '    "■ i—W ''■        II i i '   ~T     n T   '   Ti    ■ *-* —  „■„■■,■■,„..-, .. 



Fig. 1. Longitudinal section through normal rat embryo 

en 10th day of development after fertilization (according 

to P.G. Svetlov and G.F. Korsakova 195*0 . 

1 - Lycunas in the decldiial tissue; 2 - Vitelline sac; 

3 -- Ectoplacentar cone; 4 - Vitelline endoderm; 5 - Ecto- 

derm j 6 - Reichert's membranesj 7 - Gigantic trophcblast 

cells; 3 - Intestinal endoderm; 9 - Mesoderm : 10 - Ecto- 

placentar cone cavity: 11 - Ammionic cavity; 12 - Exo- 

coelora; 13 »Allantois: lM-  - Chorial plate; 15 - Head end 

of the  embryo; 16 ~ Tail end of the embryo. 

-  5 
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Ü?he future placenta Is represented by two rudiments:, the 

chorion plate and allantois.. The chorion plate is pre- 

sented by the cavity wall of active placenta, cone, at this j 

stage of development having a form of a slot, turned to 
I 
i 

exocoelom. It consists of ceils which lie close to each 

other and are distributed in many layers}  and which in the 

future give rise to true beginning of placenta labyrinth 

trophoblast.  Allantois In this stage of development re» 

presents a protruding mesenchyme covered by peritoneal 

epethelium which grows in the direction of chorial plate, 

but at the 10th day of embryie development is still not 

touching it (Fig. l). 

.rornB*afö)HMWTfinia 

\.llM^J^^I^:s^^t±on curve of .normal, anomalous and dead 
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embryos according to the days of development after X-ir- 

raaiaulon according' to the clays of development after 

X-irradlatlon with 130 r. 

Horizontal - dates of embryonic" development3 vertical - 

number of embryos in #. 1 - Anomalous, 2 - normal, 5 - 

dead embryos« 

lfj< 

*   »  ■«  «i  •* ■ 6?  S?  if? 

Fig-, 3* Distribution curve .of ■ normal, anomalous and 

dead embryos according to the days of' development after 

X-irradiation with 240 r, 

Horlsontal - days of embryonic development; vertical - 

number of embryos in #. 1 - 'Normal, 2 - anomalous, 3 - 

dead embryos,        M . _,;'_._ _^---__^^-^, -»—.——. 
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Our own observations. The results of irradiation 

effect are given in Table 1. 

As it is seen from Table 1, irradiation with dosage 

130 r led to the destruction of 23-5# of  the total number 

of embryos at the end of pregnancy, while in the control 

the death rate of embryos was 8 to 12$. The mentioned 

dosage causeu & large difference of embryo development 

anomalies, the total number of which reaches up to 45-45$ 

In the controls these anomalies were rare - 0.18$, i.e., 

one case per 536 embryos» 

The distribution of normal, dead, and anomalous 

embryos by days of development in the given series of 
j 

experiments are given in Table 2 and on Pig, 2. j 

After one day off Irradiation the number of anomaloii 

embryos Is small - 2.77$, but in the subsequent days it  j 
i 

increases, reaching on the 13th day the largest number 

75.5#. Further the number of anomalous embryos decreases | 

and is less than half of the total number of embryos, 38.9 

to 43.3$. The curve of embryo destruction passes much lowe 

than the anomaly curve (see Pig. 2). On the following day 

after irradiation the embryo death reaches 25$.    Then in 



Type' of 'experiment  jfotal     {Normal     |L.lveano-|    Dead 
no. em- embryos taf malous era™ embryos 
bryos      (in $ )       j bryos |   (in <fi) 

J  (in ft) 

Irradiation with 
JL 3**^ X*« ««*«»*»•*< 

Irradiation with 
240 r............ 299 

87,82- ! 
91*82 

! 308   31.49 

Table 1. Irradiation, results 

JSmbryos 

Normal 

Anomalous« «. 

Dead 

Days of development after fer£41i on 

11 j 12 13 
IS*-«««*/****! 

15 j_ig-lj 

Total 

38»  i  IS  I   S 

it,.;ri'%) @tj%) (r&M) 
0  1  6  ]   • 

[] flB«) l(S3.S«)|(15t!%) 

I       i 

iW$%} I (44.1») 

MS.•%) {&,*%) -     i  ig 17 
0M«> <t*«> (».a») 

i    1 

140 

71 

Table .2, Number of normal anomalous and dead embryos 

according to days of development after irradiation with 

130" r. 

9  - 
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the following days the number» of dead embryos decreases to 

j 13 to 15$> increasing on the i4th day to 38.2$. The 

percentage increase of dead embryos on the l4th day probabl 

occurs to a considerable degree at the expense of the dead 

anomalous embryos, since the number of the. later this day 

sharply decreases. But the percentage incres.se of dead 

embryos in-the last observational days also occurs at the 

expense of embryos, which' up to this time-had a normal 

form., since the percentage of anomalous, embryos does not 

decrease in comparison with the previous day, and even 

increases somewhat.- On the next day after irradiation 

the percent of normal embryos, is. 72.2$ and decreasing in 

the following days to 9«4$ (on the 13th day}- again in-,, 

creases later up to 44.1$ on the 15'th day. 

Analysis of the numerical data given in Table 2 

and of the curves represented in Fig. 2  permits considera-j 

tion of the cause of embryo death on the following days 

after irradiation as not due to their anatomical anomalies, 

On the 11th day of pregnancy, when death of 25$ of embryos 

occurs,  there are almost no embryos with, anomalous 

structures, there are little more than in the control; 

2.77# (control-0.lS$ see ffable l)., The under-development 

10 
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or the placentas cannot be the casme of the death In. this 

case either as- in. the embryogenesia period» the placenta 

la not yet fiBiötlonlng * Evidently, embryo deaths in the 

first days *ft*ar Irradiation is caused \>j the direct 

influence of X*-raya. 

Anomalies in embryos are not detected immediately 

after ..irradiation* .their greatest number is on the 13th 

day of development (75*5$)* and then their number 

decreases (A3 «6$ to 38.9$}« ^hls.faot can be explained 

either that the embryos^ which became anomalous on the' 

13th day, die in large number, or that the development of 

anomalies are repaired. 

The percentage increase of anomalous embryos can 

be only at the expense of the display of pathogenetic 

irradiation effectA made earlier. Its decrease can be 

either because of the embryo1» death, or the cause of 

4 their repair (i.e.# the conversion of anomalous embryos 

into the headings "dead15 and "normal"), 9?he comparison of 

curves on Fig. 2 shows that it is impossible to explain 

the percentage decrease of anomalous embryos on the 14th 

and subsequent days of development only by the death of 

thAHA  Amh-rynfi.      Although thft ,par^.^tnt^frft  of dftfld  ftmhryoa  

11 



I Increases on the l4th day of development in comparison 
i 

jwith 13th day (by 23.1$)« but it does not increase suffi- 

! ciently to explain the percentage decrease of anomalous   1 
I 

embryos on this day of development ('by 3*19/?)- The number \ 

of normal eitbryoa however cons:lderably increases on the   I 

! 14th day of development (by 8.8$), and in the future 

'continues to .Increase, reaching 4.1.4$ on the 15th day of 

development. Thus, the curves of normal, anomalous and 

dead embryo numbers undoubtedly show that after irradia- 

tion of the rats on the 10th day of pregnancy with a 

dosage of 130 r., a considerable amount of the obtained 

j damages is. repaired. There are indications in the 
i 
I literature on repair in embryos after injuring them with 

jX-rays (A.A* Zanarsii, Y.Ya.Aleksandrov, O.S. Strelin and 

Ö.V. Yasvoin, 1936] Yu.M, Olenov and A.D. Pushnitsyna 1952 

and othera) .  High, regenerative ability is a general - 

characteristic for the embryos, 

Irradiation of animals on the 10th day of pregneney 

| with a 240 r dose caused a considerably larger percentage 

{of embryo deaths (55.85$* see Table l). The number of 

| anomalous embryos is also very nigh (42,82$)- From the 



299 embryos' studied by us  only four were normal,- which is 

only 1.33$. 

The distribution of normal, anomalous and dead 

embryos according to days development after fertilization 

is represented In Pig. 3 and in Table 3. 

Embryos  [Days of development after fertig 

13 ! 14 (11   12 

Kormal .■... J 

Anomalous.J 
Dead,... . 

5 

C* % 
(5,74%) 

M 
1(71.4$) (»,7tf> {*!..■»%> 

It ' I  If  I  3!' 

Total 
.iEmbryos 

15     I16-17 

1 

ST 9$ »29 

32     !     m   ' I       167 
J ?IS,€%f (2t.5*>   (S8.M.) j #.13%H C?S.5&& [   «56.45%) 

Table 3, Number of normal,, anomalous and dead embryos 

according"to the days of development after X-lrradiation 

with 24-0 r. 

Maximum percentage of anomalous embryos was 

observed even on the 12th development day - 71.4$. It 

remains almost the some on the 13th day as well, but be- 

ginning with 1.4th development day it sharply decreases 

to 23,7$ (on 16th to 17th day). The percentage curve of 

dead embryos, on the contrary, increases1  from 28.6 and 
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i 

development« 'tUhe curve of iioitaai embryos is about aero for 

all observational periods. 

*0he relation between anomalous and dead embryo 

numbers at irradiation, with 2kQ v  turns out to be very 

simpler .the percentage curves c4*'anomalous and dead 

embryos are symatrical.» and eaoh point of one curve 

practically supplements the corresponding point in the 

other curve up to 200$. firls chows, that beginning from. 

l4th day of development (4th day after irradiation) per- 

centage increase of dead .embryos occurs because of.the 

deatji of anomalous' embryos* f,he  possibility ±& not- 

| ezi|.|...ud.ed. that also in this case there are some regulation 

■effects in anomalous embryos, which -remain alive to the 

17th day of development,« but qiiarititative relations öf 

anomalous and dead fetuses do not g;ive-any hints of this. 

It can be only assumed, that if there are any regulative 

effoots in thi$ case, that they are very insignificant 

and. do not bring anomalous embryos to normal conditions, 

fhe anomaly development characteristic of embryos 

after the irradiation of females on the 10th. day of 

! pregnancy is extremely diversified» In this report data 

14 
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Observations were begun with the third day after 

irradiation (12th day of development). In the norm, the 

12th day embryo has a segmented body and a very long tail. 

The hemispheres of the brain are in the, form of two bulbs. 

tfhey are in the buds of two lymph pairs. The two-chambered 

heart is pulsating. Vascular arcs are clearly seen; in 

irradiated animals however general underdeyelopnient is 

noticed primarily, #he hemispheres of the brain have a 

changed configuration, and small eise. The vascular arcs 

are not developed. On the 4th day after irradiation 

(13th day of pregnancy) the embryos usually very much lack 

development. Also,' underdeyelopiaent of brain and the 

front part of the skull are characteristic for them,     i 

By the 15th day the normal embryos are already    j 
i 

formed,. The head is well separated,, and all parts of the | 

body are developed. 'The buds of whiskers and bristles are 

seen. Digits are marked in the limbs. In 15 day experi- 

mental embryos (6th day after irradiation), the effects of 

brain and ,jaw development anomalies remain. The eyes are 

not seen from outside. The body sizes are usually 

smaller than the norms. In 16 day old irradiated embryos, 

lp. J 
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very deep anomalies of head-brain can be observed, all 

of the sections of which are mixed together, the maxillary 

defects and the eye underdevelopment remain, if the embryos 

do not reach normal si»es (Fig. 4a and b), i.e., by this 

day the development of anomalies acquire their final 

character. 

The following anomalies were' xno#t frequently en- 

countered in tha irradiated experimental' apiiaals; 1 - 

the effects of eye development (their underdevelopment and 

absence) - 120 cases. 2 - development effects of front 

sections of head-brain (underdevelopment and anomalies) - 

78 cases. 3 - underdevelopment of maxillae - 38 cases. 

Other forms of embryo defects (anomalies of limbs and the 

back part of the body,, general under development, heart 

ectopy and others) were met in. single cases. 

Thus, as the above laentioned anomalies show (typi- 

cal for rat embryos irradiated on the 10th day of develop- 

ment) the diseases appearing are already clearly noted on 

'the 3rd day after irradiation, end in the future they are 

deepened. 

Special interest is presented by the developmental 

16 



I anomalies .of allantois which are detected beginning with 

j the 12th day of development. As it was said above, at 
i 

| the moment of embryo irradiation on 10th day of develop- 

ment s  the trophoblaetie and allatoid&l rudiments of 

placenta are still not connected, with, each other, but 

allatoldal outgrowth, already Jump» deeply into the 

exocoelojos It:, the form of a tongue (see; fig. 1). In the 

mgny irradiated embryos the allantois doeg not grow to the 

ehorlal plate and there is no connection of these two 

placenta buds. She allantois bud remains in the form of 

a free outgrowth'on the dorsal side of the body, whereupon 

its distal end is bowed> being pyriform (see Fig. 5a and 

b). With 130 r Irradiation this, anomaly type is encoun- 

tered in- 2.9^ of embryos4 and with 240 r doaagfe - In 14.7$ 

of embryos. Uhus, the allantois turns out to be a part of 

embryo which is very sensitive to irradiation« Naturally, 

If this most important bud. of the placenta labryinth 

stops In the development and deep not coalesce with 

ehorlal plate, then neither the placenta nor the umbilical 

cord can .form In such embryos» These* embryos remain alive 

for sometime and. even, develop, but then of course die. 



I mesenohyme of £lisrfcois which on the 10th day stopped in 

its development, on the 14th day of embryonic development 

has a typical structure,; its peripheral part is covered 

by mesothelium. The mesenchyme is well vascular!zed; 

there is a large number of arythroblact in the vessels. 

However cellular necrosis and products of decay are 

observed in the jnesencJiyme. 

Even if by the 1.4th day of development after ferti- 

lization there is no connection of the allantois with 

chorial trophoblasts, then the trophoblast cells in the 

region, where the labyrinth should have been formed, 

become friable, The viability of pronhoblastö in this    I 
  I 

case is considerably greater than in the norm,, but the ■■ ■ ' j 
j 

growth of the labyrinth itself ixi such placenta delayed   ! 
•  ■   ■ I 

and by its dimensions it corresponds to placenta        j 
i 

labyrinths of earlier development periods. !0he myters-es. I 
• ■ i 

in labyrinth prophobiasts are encountered much more rarely, 

than in normal embryos.  Anatomically however the placenta 

is normally formed, like a genetic depot ia well developed. 

Irhe marked disruptions of alia.ntoic development 

make probable the assumption. 'that in the? cases/when ■ 

.8 
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Fig. 4. Normal embryo on the iöth das' of development 

after fertilization (a), and an .embryo of the same devel- 

opmental period after irradiation with 130 r on the 10th 

day of embryogenesis (b). 

■i o. 
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Fig* 5* Irradiated embryo on the 14th day of develop- 

went. The pyrlfom allatois are on the dorsal side of the 

it ~- photograph., b - drawing, 1 - large hemispheres of 

the brain; 2 - olifactory pit; 3 - upper maxilla; 4 *>■ 

lower maxilla.; 5 - heart; 6 - hind limbs; 7 - fore limbs. 

8 - ailantoiß A 

20  - 
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the connection, of allflChfcolS' with-the chorial plats is accom- 

plished,,  the further development of placenta labyrinth 
« 

still tarns out to be lower because of the damage of 

allatois mesenohyme as one of the most sensitive rudiments 

of embryo in this- development stage. 

She study of placentas in irradiated pregnant 

females present an exceptional interest.,, as' this can 

explain many things in the problem of irradiation damages, 

fhia study is being made- by as at present and will make 

the contents of next report, 

0ojielai^nnj3_j 

1. After single total-body iySsdiation of female 

I rats on the 10th day of pregnancy toy. X-rays with a 130 r 

dose, anatomical anomalies (easily/discovered even with 

I external examination of embryo - nnderdevelopment of brain,. 

eye», vascular arcs), can be repaired. 

£♦ The- stated developmental anomalies &re discov- 

ered on the 2nd and 3rd day after irradiation and in the 

future (if they acre not repaired deviations from the norm 

become more pronounced*       '; 

3, After the single total«body irradiation of 

S f 6«ialeraLtjon_Wie_^ 



240 r dose repair effects are not observed, through external 

examination of embryos. 

4» The allaitoie  placenta rudiment on the 10th day 

of pregnancy possesses a very high rsdiosensitivity. Owing 

to tMs in a ntmber of cases in. the fetuses of the experi- 

mental animals, the alla&toie placenta rudiment does not 

coalesce with the prophoblast rudiment.» because of which 

neither the placenta labyrinth nor the umbilical cord can 

he formed., which is observed by applying dosages of 240 r 

and also' 130' r. 

5, The high radiosensitivity of allantotc placenta 

rudiment in the critical period of its development makes. 

possible the assumption, that in the pathogeneais of irra- 

diation damages of embryo^, the anomalies of placenta 

development have a great importance. 
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PATHOOENESSS OP   »RADIATION 
m BAT EMMtYOS AF?£R JF-SAYING 

OB AN! 
tAT PEXS rut g&h ©At er 
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Tb« died; piudwoed «pan ffc« de?*bp5Mt ©I rat «mfrrfas 1» tola! 5sr«i4§a$ta8 
of rat fettsias as fuse lOffe day ef pr*gsa©ey was stwfit 4 Tfe> «g»$ikä$kKi $f tfe» S»*#i»- 
tkMr«J©s* e«j»*J te 131! r cajise«5 anaf&naieai sswEalfes we!! observed IWB during mlm* 
nal «xaKäJBiitksa ©f «WSNTJHRS «s fit E^ifn—I34h «Ssys «f %^®mhr$®§m%i$ IstÄr Jbetep- 
meat of feral», ejra, \fisesrs? «rcsj. TS» snosnalles »ssy pnttmttj meg-arate by tibe 17815 4s¥ 
of develogimeßt. The ®p$tt®tUm of ««rap ta <fes» tqush. to SSO ? kMmlhti Mvi&tkm 

under study it «r«s abmwii sirs, s Msrte of c«a» mat tte® aiksrlaW anta« «I fiSaassta Mi 
mi «saleacs with the trophoMast »ae. D« Is? that asiilwf Ms« Ja^yjräistö of plasHsri* asr 
umbiliesS cord could! I« fe?ä»4 tttsf asti® atsf harttet- «tevetegwsstat of tfee «fery© ?-*«—- 

institute of the ExjMWfmtaiRJal Medicine,' Ac. ©f Med. ScL, tJ3S$ 
Cbaif of Zooteagy, 
GmtUm Pedagogies!! lasMttfte, Lenisgtäd 
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